Background: Injury to the anterior cruciate ligament (ACL) of the knee is common. Following complete rupture of the ACL, insufficient re-vascularization of the ligament prevents it from healing completely, creating a need for reconstruction. A variety of grafts are available for use in ACL reconstruction surgery, including synthetic grafts. Over the last two decades new types of synthetic ligaments have been developed. One of these synthetic ligaments, the Ligament Advanced Reinforcement System (LARS), has recently gained popularity. The aim of this systematic review was to assess the current best available evidence for the effectiveness of the LARS as a surgical option for symptomatic, anterior cruciate ligament rupture in terms of graft stability, rehabilitation time and return to pre-injury function.
Background
Injury to the anterior cruciate ligament (ACL) of the knee is common [1] . A recent population-based study reported that 80% of knee ligament surgery involved the ACL [2] . Following complete rupture of the ACL, insufficient re-vascularization of the ligament prevents it from healing completely, creating a need for reconstruction [3] . Anterior cruciate ligament reconstruction aims to reinstate the functional stability of the knee; in turn, preventing further damage to the menisci and reducing the risk of degenerative osteoarthritis [1, 4] . The early success of reconstructive surgery has lead to the progression from open extra-articular stabilisation to arthroscopic anatomic grafting [5] [6] [7] .
A variety of grafts are available for use in ACL reconstruction surgery. Broadly, all grafts can be placed into one of three categories; autologous grafts, allografts, and synthetic ligaments. Currently, autologous grafts such as hamstring and bone-patella tendon grafts are widely used [8] . Autologous grafts provide a strong scaffold for in-growth of collagen fibers, without the risk of graft rejection [9] . However, autologous grafts carry a risk of harvest site morbidity and require prolonged avoidance of activities during revascularization (while the graft itself has a reduced tensile strength) for a period of up to 12 months [10] [11] [12] . Allografts are less common and although they eliminate harvest site morbidity they are more prone to graft rejection, potential viral infection risk, slower healing, and higher failure rates [9, [11] [12] [13] .
Synthetic materials were first used in ACL reconstruction in the 1980 s to improve the strength and stability of the graft immediately post operatively, reduce donor site morbidity and eliminate the potential for disease transmission [11, 14, 15] . The first synthetic ligaments were associated with high rates of failure and reactive synovitis [14, 16] . Over the last two decades with advancing technology, new types of synthetic ligaments have been developed. One of these synthetic ligaments, the Ligament Advanced Reinforcement System (LARS), has recently gained popularity with some orthopedic surgeons and in the media [17, 18] .
The LARS is a non-absorbable synthetic ligament device made of terephthalic polyethylene polyester fibres [16, 19] . The ligament is highly cleaned to remove potential machining residues and oils to further encourage soft tissue in-growth and reduce the risk of reactive synovitis [16] . The intra-articular portion, or scaffold, of the ligament consists of multiple parallel fibres twisted at 90 degree angles [16, 20] . This design aims to prevent the fibre breakdown that was previously seen in grafts made from woven materials. Additionally, this design is thought to facilitate even tensioning of the graft fibres during knee movement [16] . The scaffold provides a meshwork for the injured ligament to heal and repair [16, 21] . One in-vitro laboratory study has demonstrated cellular growth after six months, subsequent to seeding of human fibroblast and osteoblast like cells onto the LARS [16] .
Traditional ACL reconstruction techniques require debriding of the torn ACL fibres and synovial lining that normally envelops the ligament, in order to visualise the position for the graft [17, 22] . The LARS surgical technique uses an intra operative image intensifier X-ray to position the tunnels for the LARS through the ACL stump and is therefore able to leave the synovial lining and the torn ACL fibres insitu. The proposed advantage of this technique is reduced trauma to the soft tissues of the knee and less surgical time [17] . The ACL stump is anchored to the meshwork of the LARS to support it in an optimum position while healing. Overall, the LARS surgical technique aims to maximise in-growth of the original ACL tissue, thus preserving some vascular and proprioceptive nerve supply.
Aim
The potential advantages of LARS are immediate graft stability, reduced rehabilitation time and quicker return to pre-injury function. Despite the current popularity of LARS and some promising clinical results, no systematic review has yet evaluated its effectiveness in terms of these advantages. Therefore the aim of this systematic review was to assess the current best available evidence for the effectiveness of the LARS as a surgical option for symptomatic, anterior cruciate ligament rupture in terms of graft stability, rehabilitation time and return to pre-injury function.
Methods
This systematic review included studies using subjects with symptomatic, ACL ruptures undergoing LARS reconstruction. Studies using other types of synthetic ligaments and studies of posterior cruciate ligament reconstruction were excluded. Studies published in a language other than English or in non-peer reviewed journals were also excluded. No gender or age limits were placed on the search. All types of comparison groups were included (either control, conservative or alternative surgical intervention). Outcomes of interest included knee stability measures, surgical complication rates, quality of life (QOL), function, and return to sport.
Search Strategy
Searches were performed in May 2010 on the following databases: MEDLINE, CINAHL, PubMed, SPORTSDiscus, Embase, Ovid, PEDro, Cochrane Controlled Trials Register (DARE and CCRCT) and Google Scholar. No date limits were set. The following keywords were used: 'Ligament augmentation and reconstruction system', OR 'Ligament advancement reinforcement system', OR 'LARS', AND knee, OR 'cruciate ligament', 'anterior cruciate'. Truncation symbols were utilized as appropriate across the different databases. References of retrieved studies were reviewed for further potentially relevant studies. Duplicates were removed to create a master list.
Hierarchy of evidence
As this review addressed an effectiveness question, only research studies from a quantitative research paradigm were included. The National Health and Medical Research Council (NHMRC) hierarchy of evidence was used to determine the level of evidence of studies (Levels I to IV) [23] . An initial search of the evidence revealed limited published, peer reviewed quantitative studies. Consequently, this review considered all experimental, quantitative research designs within the NHMRC hierarchy of evidence. This approach allowed an exploration of the best available evidence on LARS.
Quality Evaluation
The modified Law critical appraisal tool was used to appraise the methodological quality of studies [24] . The Law critical appraisal tool was chosen because of its generic nature (applicable to all quantitative research designs) and the authors' prior experience in using the tool. The Law critical appraisal tool contains twelve criteria, which require a yes or no answer, each representing key elements of the methodological quality of a study. Each criterion was given a score of one for yes and a zero score for no answers. Additionally for case study design studies, criterion 11(drop outs), was not applicable and therefore was not given a score. Each study was independently critically appraised by three authors [ZM, IS, SK]. Disagreements were resolved through discussion until consensus was achieved. A copy of this tool is provided in Additional Files.
Data Extraction
Data was extracted from the individual studies by two reviewers [ZM, IS] . Data relating to study characteristics such as study population, comparison groups, and follow up periods was collected to gain an overview of the included studies. To gain an understanding of the benefits associated with LARS, details of surgical times, complication rates and outcomes related to knee stability were collected. Data regarding QOL, function, and return to sport were collected in order to gain an understanding of patient-relevant outcomes post surgery. Finally, details of rehabilitation programs and timeframes were collected in order to potentially provide recommendations for clinical practice.
Body of evidence Framework
To better interpret and understand the findings of this review, the National Health and Medical Research Council (NHMRC) body of evidence framework was used [25] . The authors have experience in successfully using this framework and operationalizing it to varying bodies of evidence [26] . This framework considers multiple dimensions of evidence for all included studies, and based on this framework, evidence-based recommendations can be drawn. The components of the NHMRC framework are evidence base, consistency, clinical impact, generalisability, and applicability of the research. The applicability component was not used in this review, as this focuses on the applicability of research findings to specific local settings (for example Australia). As this review was targeted at a larger, international audience, the applicability to a one local health care setting was not considered relevant.
Results

Search Results
Search results and reasons for study exclusion are outlined in Figure 1 . Sixteen studies were excluded from twenty potentially relevant studies. All of the excluded studies in the English language were a case-series design (Level IV). Overall, four studies met the inclusion criteria for this review [8, [27] [28] [29] . All were published between 2000 and 2010.
Methodological quality of included studies
Two studies scored ten out of twelve on the Law critical appraisal tool (83%) [27, 29] . Two studies (case series) scored nine out of eleven (81%) [8, 28] . All four studies provided a description of their sample population, but no study justified its sample size. An adequate description of the process used to calculate sample size is important; inadequate description could potentially indicate sampling bias [30] . Three studies did not adequately control for co-intervention and contamination, making interpretation of their results more difficult [8, 27, 28] . Two studies included co-morbidities such as meniscal pathology [8, 27] . Two studies used magnetic resonance imaging (MRI) to exclude subjects with visible degenerative changes or combined ligament injury [8, 28] . Meniscal lesions, if found, were treated concurrently with ACL reconstruction. Individual methodological quality scores are displayed in Table 1 .
Characteristics of studies
One randomised control trial, [29] one cohort study, [27] and two retrospective case series were identified [8, 28] . One retrospective case series used a retrospective comparison group [28] . All four studies included populations with chronic ACL ruptures. For the purpose of this review, chronic was defined as being greater than three months from injury to surgery. Follow up periods ranged from 2 months to 5 years. Table 2 provides an overview of the characteristics and post operative rehabilitation protocols.
Two studies used a mixed population of acute and chronic ACL ruptures [8, 27] . Lavoie and colleagues included patients with acute or subacute injured knees, in addition to chronic ACL ruptures [27] . No definitions of acute and subacute were provided by the authors. Gao and colleagues included both acute and chronic populations and defined acute injury as duration less than 3 months and chronic as greater than 3 months [8] . The use of mixed populations served to confuse the findings of these studies as it generated a subgroup within their populations. Both studies did not provide a subgroup analysis to compare outcomes in acute and chronic presentations. The cohort study by Lavoie and colleagues included patients with associated pathologies and a history of previous knee surgery, whereas the remaining three studies chose to exclude these patients. Two studies utilised comparison groups; comparing traditional surgical techniques to LARS [28, 29] .
All four studies differed in their post operative rehabilitation protocols. The first study did not report their protocol [27] . The second study reported using the same protocol for both comparison groups (BPB and LARS), but provided very little detail of the protocol itself [29] . The third study used a similar protocol for both groups with significantly reduced timeframes for their LARS interventional group [28] . The fourth study provided a general outline of their rehabilitation aims for the first 6 months post operatively [8] .
Individual study results
Nau and colleagues compared ipsilateral bone-patellar tendon-bone autologous graft with LARS in a population of chronic, symptomatic, ACL ruptures [29] . This study demonstrated that LARS was comparable to bone patella bone reconstruction in terms of subjective functional scores over a 24 month period. The authors commented on the high likelihood of return to high-level activity in the LARS group, but did not provide statistical analysis to support this contention.
Lavoie and colleagues in a cohort study evaluated patient satisfaction scores for knee stability following ACL reconstructive surgery using LARS [27] . Their study population consisted of subjects with ACL rupture and included associated pathologies such as meniscal tears. This study concluded that the LARS could be considered as a viable option for ACL reconstruction in terms of patient satisfaction. Interestingly, positive patient satisfaction scores were reported despite ongoing knee laxity (average posterior-anterior displacement scores of 7.3 mm). 
Liu and colleagues in a retrospective case series compared the effectiveness of the LARS to matched controls who had received traditional ACL reconstruction using a four-strand hamstring autologous graft (4SHG) [28] . All subjects had a period of more than four months since time of injury to time of surgery, and were hence classified as chronic by our definition. This study demonstrated that both the LARS and the 4SHG surgical interventions can result in improvements in functional outcomes after four years.
Gao and colleagues in a retrospective, multicentre case series assessed the clinical outcome of LARS reconstruction, with a 3 to 5 year follow up assessment [8] . LARS surgery was only performed on subjects who, on arthroscopic finding, had a viable ACL stump for the LARS to pass through. Prior to surgery, subjects gave consent for the LARS procedure but were informed that without a viable stump a more traditional approach, either BPB or hamstring tendon autologous graft would be performed. Additional surgical intervention was performed on meniscal injuries, when present. This study concluded that LARS performed in subjects presenting surgically with a viable stump can be a suitable option for ACL reconstruction in terms of function and pain outcomes.
Outcome measures
A range of subjective and objective outcome measures were used. The International Knee Documentation Committee Subjective Knee Evaluation Form (IKDC) and the Knee injury and Osteoarthritis Outcome Score (KOOS) were used to assess QOL and function. Application of these instruments within each individual study varied considerably. The IKDC assesses symptom, function and sport activity in patients with a variety of knee disorders and has been shown to be a reliable and valid scoring system [31, 32] . KOOS, a self administered questionnaire which assesses patient satisfaction, was utilised in two studies [27, 29] . The KOOS has been demonstrated to be valid and reliable [33, 34] .
The Tegner score is an activity grading scale where work and sport level activity is quantified pre-injury, pre-surgery and post-surgery, and was used in all four studies. Both the KT 1000 arthrometer and the Telos Stress System were used to measure structural stability of the knee. The Telos Stress System is a measure of anterior tibial shift relative to the femur, and was used in two studies [27, 29] . However, as with other measures, the application of this outcome measure varied between studies. The Lysholm score, which aims to measure change in knee instability, is intended to correspond with the patient's subjective opinion of their function and perceived instability after knee reconstruction. The Lysholm score has questionable psychometric properties [35, 36] . Table 3 outlines the outcome measures and outcomes of each study.
In addition to these outcomes, one study provided data for isokinetic peak torque testing for quadricep and hamstring muscle groups [8] . In this multicentre study, two out of four clinics had the resources for this type of testing and hence data presented was compiled from 68 of 159 patients (43%). Data were not presented in terms of statistical significance and it was not clear at what stage of follow up data were collected. Post operative knee range of motion and knee stability was assessed using the Lachman and pivot shift tests; manual tests of knee joint stability. Significant differences were reported immediately post operatively for Lachman and pivot shift tests, but long term follow up for these outcomes measures was not reported.
Complication rates
A number of complications from LARS were reported, including superficial wound infections, graft failure and pain arising from surgical screws. Only one study reported complication related to knee synovitis which may have been secondary to LARS rupture (partial or complete rupture not specified) [8] . Rates of complication for superficial wound infection were 2%, [27] and 1% [8] . Both studies reported that infections resolved with antibiotic treatment.
Device failure, which included either failure of screw fixation or failure of synthetic ligament ranged from 4% to 8% [8, 27, 29] . Pain relating to surgical screws ranged from less than 1% to 4% [8, 27, 28] . One study reported three cases of either partial or complete LARS rupture, all linked to sport trauma to the knee at 16, 18 and 21 months post surgery respectively [8] . Tibial or femoral and tibial tunnels were reported to be placed too anteriorly in all three cases, potentially explaining the ongoing instability identified. All three cases underwent revision surgery with traditional techniques (either hamstring allograft or autologous graft) with reported good outcomes.
Body of Evidence Matrix
The results of the NHMRC body of evidence matrix for this review are presented in Table 4 . When reviewing studies within this framework, it is apparent that LARS, as a surgical intervention for symptomatic ACL rupture, should be used with caution. The evidence to date is limited, and as such, cannot support or negate the use of LARS in clinical practice. Further research is required for LARS to be recommended as a suitable, viable and safe option in the management of ACL rupture. It is recommended that due to limitations within the existing evidence base, regular review of progress and evaluation of outcomes should be undertaken as part of implementing the LARS as a surgical intervention.
Discussion
This systematic review aimed to evaluate the effectiveness of LARS as a surgical option for symptomatic, anterior cruciate ligament rupture in terms of graft stability, rehabilitation time and return to pre-injury function. This review identified four studies of various designs, of a moderate methodological quality. Graft stability outcomes were found to be inconsistent between the four studies at both post operative and follow up periods. The time frames of rehabilitation periods were poorly reported and at times omitted. Return to preinjury function and activity was often discussed but not adequately reported in results. So far, no study has compared LARS and traditional ACL reconstruction methods in terms of return to previous level of function. Furthermore, no study has directly investigated autologous ligament healing along the synthetic meshwork of the LARS, a proposed benefit of LARS over traditional techniques. One study reported finding autologous tissue on the synthetic meshwork in three patients who had undergone revision surgery [8] .
The authors of the same study reported that all other patients demonstrated complete autologous tissue covering of the on the synthetic strut. However the method of determining this finding was not reported.
Another proposed benefit of LARS is reduced surgical time [17, 18] . Interestingly, no study reported the length of time for LARS ACL reconstruction surgery. A high level of patient satisfaction was the only consistent finding reported in studies.
Graft stability
It has previously been suggested that the LARS surgical technique may not be appropriate where there is a poor quality ACL stump [17, 22] . A viable stump is thought to be important as it allows new ligamentous and neurovascular tissue to regenerate along the synthetic scaffold [17, 21] . In chronic cases, scar tissue can interfere with the potential for re-growth [8, 17] . Without the support Evidence Base D-poor Level IV studies, or level I to III studies with high risk of bias
• Four studies • Study design: Randomized Controlled Trial (n = 1), nonrandomized, experimental trial (n = 1), case series (n = 27, 29 potentially affecting the reliability and validity of these results.
Clinical Impact D-poor Slight or restricted
• Effect sizes could not be calculated due to insufficient data reporting • Post operative laxity: Inconsistent findings • Post operative rehabilitation: Protocol adequately described in one study 28 , and omitted in two 27, 29 • Minimal reporting of outcome measures relating to return to sport • Minimal reporting of objective, functional outcomes • Complication rates were consistently low across all four studies • No follow up greater than 5 years Generalisability C-satisfactory Population/s studied in body of evidence differ to target population for guideline but it is clinically sensible to apply this evidence to target population
• Higher percentage of male subjects • Age range 18 to 56. One study only provided mean ages of 30.9 and 31 for intervention groups.
29
• Co-pathologies (previous ACL rupture, associated meniscal or ligamentous injuries), were included in three studies. 8, [28] [29] • All studies used chronic populations. Two study also included acute presentations (< 3 months) 8, 27 • Mechanism of injury poorly reported • Operative procedure times not reported
Grade of recommendation
D Caution Body of evidence is weak and recommendation must be applied with caution
Current evidence suggests that the use of LARS as a surgical intervention for the treatment of symptomatic ACL deficiency must be considered with caution. Routine use of LARS should be underpinned with regular monitoring of outcomes (subjective and objective) using psychometrically sound instruments. Due to the volume and quality of evidence, current literature on this topic should be interpreted with care.
of new ligamentous tissue, the synthetic ligament may be subject to fatigue failure over time [11, 14] . All four studies included in this review included patients with chronic ACL ruptures. This could help explain the laxity that was reported in two studies [27, 29] . Knee joint laxity may lead to poorer long term outcomes in chronic populations [1, 4] . For this reason, LARS ACL reconstruction may be most suited to acute settings where a viable cruciate stump is present.
Synovitis and graft failure
Previously, high failure rates and a lack of resistance to abrasion lead to a high incidence of reactive synovitis following ACL reconstruction with synthetic grafts [1, 11, 37] . Only one study included in this review reported a case of knee synovitis. The most common cause of complication was fixation failure, either at the tibial or femoral tunnel, or both. Comparative rates of complications related to fixation failure have been reported for more traditional autologous surgical techniques [1] .
Rehabilitation and return to function
Another proposed benefit of LARS is a reduced risk of graft breakdown in the early phase post-operatively [10] . Due to the potential capacity for early loading it would be inappropriate to stress other types of grafts in the same fashion. Previous literature emphasizes the importance of protecting autologous grafts in the initial stages and has reported high failure rates with early return to impact activity [38, 39] . The success of knee reconstruction surgery will therefore not only depend on the surgery, but also the rehabilitation program. Therefore, adequate reporting of rehabilitation programs is essential when determining the effectiveness of ACL reconstruction surgery. Two studies adequately reported their rehabilitation program [8, 28] . The first utilized two different rehabilitation programs for a comparison of 4SHG to the LARS group. The 4SHG group was protected over a period of 3 months and gradually returned to sporting activity over 6-9 months. The LARS group was not protected and non-competitive sports activity was allowed within 2 months with a return to full pre-injury activity between 3-4 months. No differences in terms of functional outcomes were reported. The second study (LARS group only) allowed patients to return to full activities of daily living within 1-2 months, return to jogging at three months and return to sport at 6 months. Both studies allowed weight bearing with crutches, without the use of a knee brace, post operatively.
Nau and colleagues used the same rehabilitation protocol for their LARS and BPB groups [29] . Both groups received physiotherapy input (parameters not specified) three times a week for a total period of three months. This timeframe is not adequate for the BPB grafts as current literature reports ACL rehabilitation for autologous grafts should be a minimum of nine months [39] . One study did not provide any information about their rehabilitation protocol [27] . Although there is a subcategory in the IKDC relating to sporting activity, the IKDC does not specifically assess the timeframe or specific functional requirements of individual sports. Overall no study reported data for timeframes of when patients returned to pre-injury level of function or sport. Therefore recommendations and comparisons in regards to return to pre-injury function or sport and rehabilitation protocols cannot be made based on this review.
So what/bottom line
As the current body of evidence is limited, the use of LARS to treat symptomatic ACL rupture must be undertaken with caution and respect to individual clinical and organisational circumstances.
To date there is emerging evidence on the benefits associated with LARS surgery, reduced rehabilitative timeframes and early return to pre-injury and/or sports level and therefore it needs to be considered with caution. With regards to complications arising from LARS, the historical finding of increased reactive synovitis was not supported by this review, with only one case reported across all four studies. Furthermore other complications rates were comparable to traditional ACL reconstructive techniques. This is a positive finding which requires ongoing investigations and monitoring.
Limitations
As with any systematic review, this review has several limitations. There is currently a profound lack of high level, high quality primary evidence to support the use of LARS as a surgical intervention for symptomatic, ACL rupture. The majority of studies were limited in their statistical power by small sample size and sufficient statistical data was often not provided. This limited the amount of comparisons that were able to be made between studies. Furthermore, rehabilitation programs were poorly described and lacked detail. Follow up data were not available beyond 5 years and therefore longer term recommendations cannot be made. The exclusion of studies not published in the English language is a major limitation to this review.
Conclusions
Implications for clinical practice
Due to the limited evidence base for LARS for ACL reconstruction, clinical practice continues to be guided by clinician's expertise and experiential knowledge. Low current rupture rate, minimal synovitis, perceived improvements in overall knee stability and possible early return to impact loading activities are some reasons for the use of the synthetic grafts. Synthetic ligaments may be a viable alternative where traditional techniques may not be possible. Examples of this include poor access to allograft, multiple knee surgeries and/or revisions.
Implications for research
While this systematic review has identified an emerging body of evidence for LARS, it has also recognised important research gaps requiring future prospective investigations. While current research provides positive evidence of patient satisfaction with LARS, it is ambivalent with regards to other measures such as graft stability and long term functional outcomes. Also absent is any research on the cost effectiveness of LARS when compared to other traditional techniques. Therefore, future research should consider important long term outcomes, ideally over a period of five years or longer, which includes outcomes relevant to safety, effectiveness and cost-effectiveness. While the importance of rehabilitation following LARS is well recognised, literature is scant with regards to rehabilitation protocols. This has significant clinical implications as these protocols cannot be replicated in clinical settings due to lack of detail. Therefore, just as the surgical techniques are described in detail, future research should sufficiently describe and implement rehabilitation protocols that are well structured and appropriately designed.
